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Abstract: A new type of seismic intensity meter based on MEMS accelerometer is introduced. It employs 
STM32F107 as the data processing core and detects the changes of acceleration with triaxial MEMS 
US344ALH and uses ADS1248 for 24 bit data sampling. The test on vibration table shows that the linearity of 
the meter isc5L = ± 1.4%, and the sensitivity isKc = 0.9671V/gwith zero deviation of0.0043 g. The seismic 
intensity meter has the advantages of simple structure and stable performance and it is appropriate for intensive 
layout on a large scale. 
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1 Introduction 
Seismic intensity refers to the degree of impact on the 
ground and all types of buildings in an earthquake. U-
sing seismic intensity meter, we can measure the in-
strument intensity within a few minutes after the earth-
quake and map the distribution of the seismic intensi-
ty, which could provide basic data for emergency res-
cue and further studies. 
In spite of its higher observation precision, tradition-
al seismic intensity meter is not suitable for intensive 
observations over a wide range because of its bulkiness 
and the need to be fixed to certain point. With the de-
velopment of microelectronics technology , the use of 
MEMS acceleration sensor for seismic observation has 
become the main developing direction. Compared with 
traditional instruments , the intensity meter based on 
MEMS technology has many advantages such as smaller 
size, relatively low cost, digital signal output, low-fre-
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quency signal observation and so on. A variety of inten-
sity meters based on MEMS sensor have been devel-
oped at home and abroad. SOSEWIN node intensity 
meter developed by German Research Centre of Geosci-
ences ( GFZ) meets the performance specifications of 
measuring range of ± 1. 7 g ( triaxial) and 24 bit AD 
sampling1 11 • Palert intensity meter developed by Wu 111 
and San[2J meets the performance specifications of 
measuring range of ±2 g (X, Y axis), +1 g/-3 g (Z 
axis) and 12 bit AD sampling. SI-2 intensity meter de-
veloped by Institute of Crustal Dynamics of China 
Earthquake Administration meets the performance 
specifications of measuring range of ± 2 g ( triaxial ) 
and 10 bit AD sampling1' 1• These instruments are all 
complex in structure and high in manufacturing cost. 
With a vast territory of China maiuland, it needs to 
set up large quantities of the seismic intensity meters. 
Patently, the economics cost is too high with the above 
instruments to monitor seismic intensity in a large area. 
Therefore, it is necessary to develop a seismic intensity 
meter of low cost and stable performance to meet the 
needs of dense layout in a large area, earthquake early 
warning, rapid intensity report, 3D earthquake obser-
vation and so on. 
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2 Working principle and hardware 
design 
The seismic intensity meter mainly consists of sensor 
module , data acquisition module , main control module 
and data processing module. The system composition is 
shown in figure 1. 
2.1 Working principle 
The meter collects data from three axis MEMS acceler· 
ator with 200 Hz sampling frequency by embedded pro· 
cessor. The value of axis acceleration will be decided 
whether it exceeds the threshold after the datum been 
denoised and filtered. If the acceleration value is larger 
than the threshold , the meter will send the alarming 
messages to the data center. In addition, the meter can 
send the instrument intensity value GPS coordinates 
• • 
time and the possible instrument failure messages to the 
data center in real-time. If we collect the data from 
some meters , we can draw the intensity distribution 
map and obtain some relevant information according to 
the provided time , position and intensity information. 
2.2 Digital r.Jter designing 
The controller chip of intensity meter employs industrial 
microprocessor STM32Fl07VCT6 of 32-bit ARM Cor-
tex-M3 core produced by ST. Its DSP library includes 
PID , FFf, FIR and IIR digital signal processing &me-
b. 1' 1 I th" th . ons . n IS paper, e structure diagram of FIR fil-
ter as digital signal processing unit is shown in figure 2. 
Pro ~ SD Card : 
cessor : ~---------------------; 
S1M32F107 ~,' i Network : 
------; DP83848 : 
Figure 1 Block diagram of the system 
Figure 2 Block diagram of an FIR filter of length N 
The FIR filter of the DSP library is a direct-form real 
FIR filter that uses an array of M 16-bit coefficients to 
filter N 16-bit samples, where y is the output vector of 
length N, c is the coefficient vector of length M, and x 
is the input vector of length M + N- 1. 
In this paper, the basic idea is to approximate the u-
nit impulse response of the ideal filter in the time do-
main, using window function design FIR filter. The 
window function method bas Rectangle window, Han-
ning window, Hamming window, Blackman window and 
so on. Taking into account the characteristics of different 
window functions, we use Hanning window designing 
the FIR filter and realize it using Matlab software. 
According to the characteristics of seismic signals , 
the pasaband cutoff frequency is set to 0. 1 1T , the stop-
band cutoff frequency is set to 0. 2 1T and the sampling 
frequency is set to 200 Hz. 32 order Hanning window is 
used to intercept. The program is as follows : 
wp=0.1 *pi; 
ws=0.2 • pi; 
wdelta=ws-wp; 
N=32; 
Nw=N; 
% the passband cutoff frequency 
% the stopband cutoff frequency 
% the transition bandwidth 
% the window length 
wc=(wp+ws)/2; 
n=O:N-1; 
alpha=(N-1)/2; 
m=n-alpha+eps; 
hd=sin(wc * m)./(pi * m); 
win= banning ( Nw) ; % the banning window 
h=bd. •win'; 
b=h; 
figure( 1) ; 
[H,f] =freqz(b,1,8192,200); 
subplot(2,2,1), plot(£,20 * log10(abs(H))); 
xlahel( "Frequency(Hz)') ;ylabel( 'Magnitude( dB)'); 
grid on; 
subplot(2,2,2) ,plot(£,180/pi * unwrap(angle 
(H))) ; 
xlahel( "Frequency( Hz)') ;ylabel( 'Phase(radians)'); 
grid on; 
Figure 3-4 is the amplitude-frequency characteristic 
diagram and phase-frequency characteristic diagram of 
the designed FIR low-pass filter. 
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Figure 3 Amplitude frequency curve 
Figure 4 Phase frequency curve 
2.3 Sensor module desigoing 
The US344ALH can be operated at 2. 4-3. 6 Voltage 
and its noise density is 50 ,_..g1.jih. It has a dynami-
cally selectable full scale of ±2 g-±6 g[61 • This paper 
uses ±2 g and the peripheral circuit of the sensor mod-
ule is shown in figure 5. The output foot of the 
LIS344 Alli VoutX, VoutY, VoutZ shunt capacitance 
composed of external filter enables anti-aliasing low-
pass filtering and noise reduction function. The f:Jlter 
cutoff frequency is : 
PCA = _JPCA~w + PCA~s + PCA~0 ( 1) 
where f. is the filter cutoff frequency and Clood. (X , y ,z) is 
the VoutX, VoutY, VoutZ filter capacitor in parallel. 
Since the intensity ~ mainly aims at the natural 
earthquake of frequency range Q-15 Hz, it can be obtained 
by the fomrula (1) ,Clnod(.x,y,z) = 0.1 ,_..F. In figure 5, 
C5, C6 and C7 three filter capacitor size is 100 nF. 
2.4 Data acquisition module designing 
24-bit low noise analog to digital converter ADS1248[7l 
is adopted in data acquisition chip produced by T I and 
the peripheral circuit design is shown in figure 6. 
VDD 
FS 
ST 
GND 
NC 
cs 
~ ~ ~ ~ b: 
VoutX f---""---_____.,,_____:.:= 
Figure 5 US344ALH peripheral interface principle diagram 
C17 
Figure 6 ADS1248 peripheral interface principle diagram 
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In figure 6 , as inputs , AINO, AIN 1 and AIN2 are 
respectively connected with the acceleration output of 
the MEMS sensor's VoutX, VoutY and YoutZ. /CS, 
SCLK, DIN, /DRDY, DOUT, START and /RESET 
are connected to the STM32Fl07, controlling the 
working state of ADS124S. CLK is connected with PAS 
of STM32Fl07, because in this design ADS124S uses 
an internal oscillator and CLK must be connected to 
DGND. Therefore, PAS needs to be confignred as 
open-drain output and set to 0 in the control program. 
ADS124S initialization process is as follows: ( 1 ) I 
RESET active low reset, lowered to maintain at least 
50 IJ-S, then pull to high level for at least 600 IJ-S and 
ADS124S hardware reset is completed; (2) the config-
uration register settings including 4 main registers : 
MUXO, VBIAS, MUX1 and SYSO. MUXO setting has 
negative end and positive end. We set AINO as the pos-
itive end and AIN7 as the negative end. VBIAS sets the 
voltage deviation of S inputs and the AIN7 s voltage de-
viation is set to (AVDD+AVSS)/2. MUX1 sets a ref-
erence voltage source and the working mode , here is 
the use of the internal reference voltage 2. 04SV, work-
ing mode for the normal working state , the SYSO sets 
PGA and the output data rate , where PGA set to 1 , 
the sampling rate is 640 SPS ; ( 3 ) reading register, 
verify the configuration register is executed succesaful-
ly, to determine whether the device is damaged; ( 4) 
calibmting offset and gain. 
ADS124S through SPI command control data conver-
sion modes are single data conversion (RDATA), con-
tinuous data conversion ( RDATAC) and stop the con-
tinuous data conversion ( SDATAC). Use the RDATAC 
command in the design, first set the START high lev-
el, when it is in high level AD begin data conversion, 
high level duration should be at least 5 IJ-S, when the 
conversion is complete, if START is still at a high lev-
el, then the next conversion, if START is low, into the 
low power mode. 
ADS124S enter the working state by the above set-
tings , each completed a data conversion , data will be 
read , first detennine whether the conversion is com-
plete, determine DRDY is idle, and then send the data 
read command , followed by the 24 CLK signals, reads 
three bytes 24-bit data, and finally sending the NOP 
instruction, restore DOUT high level state, waiting for 
the next data read. The 24 bit data read in complement 
form, the positive full-scale output data encoded as 
Ox7FFFFFH, the negative full-scale output data enco-
ded as OxSOOOOOH, the least significant bit ( LSB) is 
( VREF/PGA)/(223 - 1) , which is calculated as fol-
lows: 
VREF/PGA 
Vin = 23 X code 2 - 1 
(2) 
among them' vin is the sensor output voltage' is the 
voltage reference , V REF is the internal reference voltage 
2. 04SV; PGA is adjustable gain, it is set to 1 ; code is 
24-bit sampling data. 
3 The calculation methods of seismic 
intensity 
The steps of instrument intensity calculation are as fol-
lows[s,g]: 
1 ) Filter respectively in three axis ground motion ac-
celeration record. 
2) The accelerograrn has been calculated by the fil-
ter data. 
PGA = vPGAiw + PGA~, + PGA~0 (3) 
3) The amplitude whose duration is greater than or 
equal to 0. 5 second from the accelerogram is selected 
as the peak ground acceleration(PGA). 
4) Use the formula and calculate the instrument in-
tensity value, giving it to the second decimal place and 
rounding the release result. 
4 
/=2.71 Xlog10(A.,) +2.39 (4) 
Vibration table test results and 
analysis 
4.1 Test platform 
We choose the GeoSIG's GSK-166 single axial linear 
vibration table as the test device. It has the following 
technical specifications : the maximal displacement is 
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660 mm; the maximum speed is 4. 8 rn/ s; the maxi-
mum acceleration is 5 g; the maximum thrust is 780 
N; the frequency range is DC-50 Hz; the reference 
sensor is GeoSIG's AC-23; the technical specifications 
are shown in table 1. 
4.2 Test plan 
The seismic intensity meter is fixed on the vibration ta-
ble ( Fig. 7) , using the vibration table to produce sinu-
soidal signal to simulate the seismic signal. According 
to the comparison between the test results of the stand-
ard acceleometer and that of intensity meter , the line-
arity, sensitivity, zero bias and other performance 
specification could be assessed , accepting the standard 
accelerometer records as input and making the intensity 
meter records as output and using linear fitting for data 
analysis. 
Tab.l The AC-23 sensor technical specification 
Project 
Dynamic range 
Measurement range 
Damping 
Sensitivity 
Frequency response 
Linearity 
Specification 
125 dB 
±1 g 
Critical damping 70% 
2.5V/g 
0.1-SOHz 
~1% 
Figure 7 The intensity meter and the vibration table 
connection 
The vibration frequency is set to 5 Hz. The vibration 
amplitude is chosen to 0.01 g, 0.1 g, 0.5 g , 0.8 g and 
1 g. The test results are recorded 10 second data re-
spectively. Figure 8-11 show the sampling waveform. 
0.69737 
-0.61842 
Figure 8 The vibration waveform is acquired by the me-
ter{5 Hz,O.S g) 
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Figure 9 The vibration waveform is acquired by AC- 23 
{5 Hz ,0.5 g) 
1.11746 
-1.12269 
Figure 10 The vibration waveform is acquired by the me-
ter{5 Hz, I g) 
Figure 11 The vibration waveform is acquired by AC-23 
{5 Hz , 1 g) 
4.3 Analysis 
Using the method of least squares to the collected 5 sets 
of data fitting , we can get a linear equation ( 5 ) . 
y = 0.004293316 + 0.967071238x (5) 
Using the AC-23 data as input into the fitting equa-
tion, we can get the fitting values and residuals (table 
2). 
1 ) Linearity 
Usually, linearity (or nonlinear error) is defined as 
the percentage of maximum deviation between the actu-
al characteristics curve of sensor and the fitting linear 
and full-scale output. The formula is 
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Table 2 Tbe fitting results by least squares( unit: g) 
Amplitude 
0.01 
0.1 
0.5 
0.8 
1.0 
!J.L~ 
liL =±--X 100% 
YFS 
AC-23 Meter 
0.0297 0.0286 
0.1684 0.1752 
0.5590 0.5642 
0.8590 0.8709 
1.0270 1.0720 
( 6) 
where 8L is the linearity, i!Lmu is the maximum devia-
tion and Y FS is full-scale output. 
From table 2 we can see that the maximum deviation 
is !J.L~ = 0.0140 when the vibration amplitude is 1 g, 
then full-scale output is 1 g ( Y FS = 1 ) . We can get the 
result that the linearity of the intensity meter is liL = 
± 1.4%. 
2) Sensitivity 
The sensitivity of the sensor is the ratio of the output 
to the input variation in the steady state ( formula 
(7)). 
K - !J.y c- !J.x 
(7) 
For the linear sensor, its sensitivity is the slope of 
the linear fitting regression equation. Therefore, we can 
see that the sensitivity of the intensity meter is Kc = 
0. 9671V/g. 
3 ) Zero deviation 
The zero deviation of the sensor is the intercept of 
the linear fitting regression equation. Therefore , the ze-
ro deviation of the intensity meter is 0. 0043 g. 
5 Conclusion 
In this paper, the design of the seismic intensity meter 
is based on MEMS acceleration sensor. Due to the use 
of cheap and high -performance sensor, ADC , embed-
ded processor and other core components , it could 
meet the performance specifications of measuring range 
of ±2 g (triaxial) and 24 bit AD sampling. Compared 
Fitted values Residual 
0.031951553 -0.002251553 
0.173724197 -0.005324197 
0.549914909 0.009085091 
0.846515657 0.012484343 
1.040993683 -0.013993683 
with other foreign and domestic intensity meters , it has 
the advantages of low cost, simple structure, small vol-
ume, low power consumption, etc. Through testing on 
the GSK-166 vibration table, it is shown that the out-
put waveform of the intensity meter and that of the 
standard AC - 23 sensor have better consistency. The 
linearity, sensitivity and other technical specifications 
meet the basic design requirements. According to the 
test results, the linearity of the meter is ± 1. 4% and 
the sensitivity is 0. 9671 V / g with zero deviation of 
0. 0043 g, which can meet the actual requirements and 
this seismic intensity meter is appropriate for seismic 
intensity reporting network. 
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